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Abstract 
The alkylation of catechol with methyltertiarybutyl ether (MTBE) catalyzed by acid-functionalized ionic liquid gives 
p-tert-butylcatechol was investigated. The results indicated that under optimized reaction condition of 393K; 2h;  
n（catachol）: n（MTBE）: n (IL) =1:3：0.02, the conversion of catechol and the selectivity of p-tert-butyl 
catechol (4-TBC) were 87.4% and 65.3% respectively. 
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1. Introduction 
P-tert-butyl Catechol (4-TBC for short) which is white or light yellow crystal was obtained by the 
alkylation of catechol with different alkylating agents. 4-TBC is widely used as high-efficiency inhibitor 
and also as antioxidant and stabilizer of many organic compounds [1]. Alkylating agents used for the 
reaction include isobutene [2-5], tert-butyl alcohol (TBA) [6-12], or methyltertiarybutyl ether (MTBE) 
[13]. Catalyst commonly used is mainly sulfuric acid, phosphoric acid and other conventional liquid acid. 
Molecular sieve [2], zeolite [6], cationic exchange resin [7], can also be used as catalysts for alkylation. 
Process which used isobutene as alkylating agents requires for rigorous reaction conditions and it is 
difficult to realize industrialization, so it is less used. Because of the cheap raw materials and the mild 
reaction conditions, the process that used MTBE as alkylating agent is one of the current studies. Gao et al 
[13] reported the alkylation of catechol with MTBE catalyzed by H2SO4. The results indicated that under 
optimized reaction condition of 383K, 1.5h, n (catechol): n (MTBE) =1：1.5, the yield of 4-TBC was 
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72%. But the H2SO4 may cause equipment corrosion and environmental pollution. The process catalyzed 
by acidic molecular sieve, eliminate the need for post-processing, washing and other steps, the yield of 4-
TBC can reach 85%, but the selectivity of the main product is poor. While cationic exchange resin has 
poor heat resistance. 
Recently, ionic liquid (IL) known as environmentally benign catalysts and solvent have been 
extensively used in the reaction of alkylation [16-19]. In this paper, the functional ionic liquid was 
selected as catalyst for the alkylation of catechol with MTBE to give 4-TBC. This synthesis process does 
not need add solvents. The effects of process parameters like reaction time, temperature, reactant ratio was 
studied. 
2. Experimental 
2.1. Experimental principle and the choice of ionic liquid 
Alkylation of catechol with MTBE is a typical acid-catalyzed reaction giving a mixture of the isomers 
of tert-butylated catechol in terms of alkyls and the position of alkyl substituents, which are all possible 
products. The reaction scheme is shown as follow: 
 
The tert-butyl in the MTBE can generate the carbenium ion in a certain condition [15]. The tert-butyl 
cation can react with catachol which was an electrophilic reaction to give 4-TBC. The formation of 
carbenium ion depends on the acidity of the reaction environment. In this paper IL used as catalyst to 
provide the acidic environment was studied. Gao [10] et al studied the alkylation of catechol with TBA. 
The results indicated that reactivity catalyzed by IL which acidified by H2SO4 is better than by toluene 
sulfonic acid and the acidic strength is benefit for the generation of carbenium ion. Yang [14] et al 
reported that functionalized ionic liquid 1-(4-sulfonicacid) butyl-3-methylimidazolium hydrogen sulfate 
can be used to catalyze alkylation of phenol with cyclohexanol and the IL exhibited good catalytic effect. 
In this paper two kinds of IL as catalyst were compared, the structure of the two ILs as Table 1: 
Table1 Structure of the ionic liquids 
Sample structure 
1-(4-sulfonicacid) butyl-3-methylimidazolium hydrogen sulfate (IL1) N N
SO3H
HSO4  
1-(4-sulfonicacid) butyl-3-methylimidazolium trifluoromethanesulfonate (IL2) N N
SO3H
CF3SO3  
2.2. Alkylation of catechol with MTBE 
The tert-butylation of catechol with MTBE was carried out in a 100 ml glass reactor equipped with a 
magnetic stirrer under atmospheric. Typical batch reactions consist of 0.01mol of IL and 0.1mol catechol. 
The temperature of glass reactor was increasing gradually until Catechol melting wholly. At a certain 
temperature, MTBE was dropped in the glass reactor used the constant pressure funnel at a certain speed.  
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Methanol produced during the reaction can be removed by the reflux condensation at some degree. 
After a certain time, the products can be analyzed. 
A qualitative analysis of the product was conducted on a SP3420A GS equipped with a SE-54 column
（30m×0.25mm×0.25μm）.The column was programmed with an initial temperature of 65°C, going to 
260 °C at the rate of 15°C/min, Detector and sample room temperature are 280°C. In order to reduce the 
error, every sample was analyzed three times. 
3. Results and discussion 
3.1. Effect of different ionic liquids on the tert-butylation of catechol 
The IL1 was compared with the IL2 which have different anion. The influence of different ionic liquid 
on the reaction was depicted in Table 2. From Table 2, it was clearly that when the two ionic liquids were 
under the reaction conditions of 403K, 2.5h, n (catechol): n (MTBE) :n (IL)=1:1:0.1, the conversion of 
catechol and the selectivity of 4-TBC over IL2 was higher. It exhibited that the IL2 has much higher 
activity than IL1. Therefore, we selected the IL2 for the further investigation. 
Table 2 Alkylation of catechol with MTBE in different ionic liquids 
Sample Conversion of catechol x/% Selectivity to 4-TBC s/% 
IL1 64.0 34.7 
IL2 65.6 39.5 
(Reaction conditions: n (catechol): n (MTBE): n (IL) =1:1:0.1; 403 K; 2.5 h) 
3.2. Effect of the reactant ratio on the tert-butylation of catechol 
The inuence of the molar ratio on the reaction was shown in Fig.1. It was observed that as the amount 
of MTBE increased, the conversion of catechol increased and at the molar ratio of 3 the curve reached a 
stabilized level. There were little change in selectivity of 4-TBC when the molar ratio increased. 
Therefore, a more appropriate molar ratio is 3:1 
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Figure 1 Effect of the reactant ratio on the tert-butylation of catechol 
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(Reaction conditions: n (catechol) =0.1mol; n (catechol): n (IL) =1:0.1; 403 K; 2.5 h) 
3.3. Effect of reaction temperature and time on tert-butylation of catechol 
The inuence of the reaction temperature and time on tert-butylation of catechol was also investigated 
and the results were shown in Table 3. The conversion of catechol and selectivity of 4-TBC were hightest 
at the reaction conditions of 393K; 2h. With the temperature increasing, the viscosity of ionic liquids will 
decreased, which will benefit for the mass transfer, so the conversion of catechol will increased. But with 
the temperature increasing the selectivity of 4-TBC will decreased because of the side effects. Therefore, 
2h was chosen as the optimal reaction time and 393K was the optimal reaction temperature. 
Table3 Effect of reaction temperature and time on tert-butylation of catechol 
temperature /K T /h Conversion of catechol x/% Selectivity to 4-TBC s/% 
383 3.0 90.1 58.2 
393 2.0 92.8 63.4 
403 2.5 91.5 45.8 
423 2.0 93.3 54.9 
(Reaction conditions: n (catechol) =0.1mol; n（catachol）：n（MTBE）=1:3) 
3.4. Effect of the amount of ionic liquids on the tert-butylation of catechol 
The inuence of the amount of ionic liquids on the reaction was shown in Table 4, which indicate that 
as the amount of IL2 increased, the conversion of cratechol increased but the selectivity of 4-TBC 
decreased. However there were little change in the selectivity of 4-TBC when the amount of ionic liquids 
change. In order to save costs, choose the amount of 0.002 mol. namely, n (catechol): n (MTBE): n (IL2) 
= 1:3:0.02. 
Table 4 Effect of the amount of ionic liquids on the tert-butylation of catechol 
Amount of ionic liquid /mol Conversion of catechol x/% Selectivity to 4-TBC s/% 
0.002 87.4 65.3 
0.003 87.4 64.5 
0.005 88.7 64.2 
0.008 89.1 51.4 
0.010 92.8 63.4 
 (Reaction conditions: n (catechol) =0.1mol; 393 K; 2h；n（catachol）：n（MTBE）=1:3) 
4. Conclusion 
(1) In conclusion, the alkylation of catechol with MTBE catalyzed by IL was successful. IL has 
excellent catalytic activity and it can be used as an effective substitute for traditional acids. The process 
which is a green technology used IL as catalyst eliminating the need for post-processing, washing and 
other steps.  
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(2) The process which used MTBE as alkylating agent had mild reaction conditions and it can save 
time and cost. The results indicated that under optimized reaction condition of 393K; 2h; n (catechol): n 
(MTBE) ：n（IL）=1:3：0.02, the conversion of catechol and the Selectivity of 4-TBC can reach 87.4% 
and 65.3% respectively. 
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